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Antibacterial and Deodorant Finishing Agents and the Processing 

Methods thereof 

The categories and antibacterial mechanisms of the representative antibacterial and deodorant 
finishing agents, which are used at present in fiber, and the processing methods thereof are 
reviewed in this paper. 

; -1 . Antibacterial and Deodorant Finishing Agents Used in Fiber at Present 

At the present time, predominant antibacterial and deodorant finishing agents, which are 
commercially available, are shown in table 1. Those antibacterial and deodorant finishing agents 
are, for example, octadecyldimethyl(3-trimethoxylsilylpropyl) ammonium chloride (available 
from Dow-coming Co., Ltd.), polyhexylidene biguanide hydrochloride (available from 1CI Co., 
Ltd-), polyoxyethylene trimethyl ammonium chloride, antibacterial "zeolite" (solid particles of 
zeolites which load metal ion such as silver and the like), as well as phenone chloride, 
3 5 4,4 , -trichJoro-N-carbanilide, l^'-hexamethano bi[5-(4^chlorobenzol)biguanide] dihydrochloride, 
polyoxyalkyltrialkyl ammonium chloride, Cu 9 S s (Digenite) which is an electroconductive 
complex of polyacrylonitrile copper sulphide containing divalent copper salt and sulfur, and the 
like/ 

In addition, according to the latest information, there are many antibacterial and deodorant 
finishing agents, such as cellulose containing electroconductive copper sulphide which is prepared 
by dispersing copper compound into the fiber, antibacterial agent in which copper and zinc are 
combined with lana cystine and polypeptide, 2-oxyphenyl-2',4'-dichlorobenzyl ether which cannot 
produce dioxane and deleterious chloride derivatives even if it is heated or irradiated by ultraviolet 
light silver sulfonate which combines silver and the cationic-dyeable terylene fiber by ionic bond, 
as well as hinoki thiol belonging to the compounds of tropolones, chitosan having carapace 
component of shrimp, crab and the like, glucosaminide belonging to antibiotic substance of 
. amirfo. glycoside- 



Table. 1 Current Antibacterial and Deodorant Finishing Agents 



Categories 


Finishing agents 


! . Inorganic series 


Antibacterial zeolite, soluble glass powder containing metal ions 


Series that coordinate metal 
. onto the fiber 


Silver sulfonate, iron phthalocyanine, amino polymer in which 
metal oxide are coordinated, acrylic polymer in which zinc sulfate 
is coordinated 


Organosilicon quaternary 
ammonium salt series 


Octadecyldimethyl(3-trimethoxylsily!propyl) ammonium chloride 


Quaternary ammonium salt 
series 


Phenone chloride, hexadecyldimethylbenzyl chloride, 
polyoxyvinyltrimethyl ammonium chloride, polyoxyvinyltrialkyl 
ammonium chloride, octadecyldimeihyl ammonium chloride, 
3-chIoro-2-hydroxylpropyl trimethyl ammonium chloride, 
N,N-dimethyl-N-hexadecyl-3-(2-sodium sulfate ethyl 
sulfonyl)-propyl ammonium bromide 
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, Guantdine series 


l s r-hexamethanobi[5-(4'Chloroben2ene)biguanide]dihydrochlori 
de, polyhexamethano biguanide hydrochloride _ 


, Phenol series 


Alkylene sodium bisphenolate, 

2-brom-2-nitro-l,3-propylenegIycolalkyldimethyl ammonium 
salt, parachlormetaxylenol 


Fatty acid ester series 


Silver N-stearyl-L-glutamine, undecylenic acid, glycerin fatty 
acid ester, propylene glycol fatty acid monoester 


Copper compound series 


Regenerated cellulose containing copper sulphide, 
polyacrylonitnle copper sulpniae complex, pnenois copper 
chelating resin 


Benzamide series 




Natural product series 


Chitosan, hinoki thiol, hydrochlorate of chitin, glucosaminide 


Other series 


Dimethylaminopropionamide, P-methyl toluenesulfonate, iodine 
complex 



2. Antibacterial and Deodorant Finishing Agents which are prohibited to use 

Besides the organometallic compounds which were used since 1960s, the following 

antibacterial and deodorant finishing agents have been prohibited to use since 1980s. 

TBZ[2-(4-thiazolyl) benzimidazole] is an injurant to cause abnormality. 

2,4,4'-trichloro-2'-hydroxy diphenyl ether (tradename referred as Akesson DP300) can react with 

bleacher of chlorine series into three kinds of toxic chloride derivatives as follow: 

0. Z^NbOCl 




and the cancerogenous substance, tetrachloro oxane, can be formed when heated or irradiated by 
ultraviolet light, so it has not been used any more since ten years. o>bromo!auricaldehyde (BCA) 
has very strong variablity, tri(2,3-dibromopropyl)phosphate (TDBPP) has variability and 
oncogenicity, and it is very sensitive to skin. At present, 2-(3,5-dimethylpyrazoiyl)-4-hydroxy-6- 
pheriylpyritnidine also has not been used in finishing the clothing material any more. 

3. Representative Finishing Agents and the Antibacterial Mechanism thereof 
• 1 Antibacterial Agents of Inorganic Series 

•The representative products which are processed by antibacterial finishing agents of 
inorganic series, xM^O-AhOa-ySiCVzr^O (where M may be partially or fully substituted by ions 
of Ag, Cu, Zn, and the like, and n is atomic value of the metal, x, y and z are coefficients, 
respectively) comprise "antibacterial zeolite" (tradename is BACTEKILLER, available from 
Kinebo Co., Ltd. Japan). This product is an "antibacterial zeolite" which is prepared by using the 
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ion-exchange property of skeleton of natural or synthetic zeolite, and loading metal, such as silver 
and the like, which is combined by ionic bond (with the amount of metal exchanged of about 1% 
to 2%). The germ resistance is conferred by adding about \% of said antibacterial agent to the oleo 
stockof synthon-fusion spinning of terylene, nylon and the like. 

Acute toxicity LD 50 of this kind of antibacterial agent is above 5g/kg, with negative 
variability and quasi-negative pungency to skin. The results of EPF toxicity testing performed by 
Environment Protection Agency of America confirm that the environmental impact of this 
antibacterial agent is also safe. 

. The antibacterial mechanism of this kind of product is that the active oxygen and silver ion 
which are dissolved out gradually from the product are diffused into the cell of bacterium to 
destroy the structure of its protein, thereby to cause dysbolismus. 

2 The Series that coordinate metal onto the fiber 

The representative products which are processed by antibacterial agents that coordinate metal 
onto^the fiber, such as 

OCC-<^>— COOCH 2 CH 2 - 

sorAs* 

, comprise "silver sulfonate" (available from Chemical Drug Co., Ltd Japan). This product is 
prepared by post-treating. Cationic-dyeable terylene fabric containing sulfonic group are dipped 
into solution of 0.002% silver nitrate in the bath ratio of 1:5, then the resulting solution is stirred 
and heated until boiling, cooled after being stirred for another 20 min, and the fabric is washed by 
water and dried, thereby silver ion are combined with dyeable residue (-S0 3 ") of terylene fiber by 
ionic bond, and the germ resistance is conferred to the fabric. 

The antibacterial mechanism of this product is that the electron conduction system of silver 
ion destroys protein structure within the cell of the bacteria (reacted with deoxyribonucleic acid), 
thereby to cause dysbolismus. 

3 Antibacterial Agents of Organosilicon Quaternary Ammonium Salt Series 

The products which are processed by antibacterial agents of organosilicon quaternary 
ammonium salt series, such as octadecyldimethyl(3^trimethoxylsilylpropyl) ammonium chloride, 
comjpri.se BIOSIL (>* 4 * "> ' u ) (available from Toyobo Co., Ltd. Japan) which is prepared by the 
. posttreatment of fixing the (trimethoxylsilyl)propyloctadecyldimethyl ammonium chloride (with 
tradename of DC5700) (available from Dow Coming Co.) onto the surface of fiber of cotton, 
nylon and terylene by dipping or padding the fiber into the antibacterial agent, thereby the germ 
resistance is conferred to the fiber. This antibacterial agent has the structure of trimethoxy group 
. bonded to ammonium, octadecyldimethyl ammonium chloride on the right side has germ 
resistance, and trimethoxylsily group in the left side has coupling ability of silicane. 

This trimethoxy group is reacted with the hydroxy group which is located on the surface of 
the fiber to remove methanol. The antibacterial agent is fixed onto the fiber by covalent bond. At 
the same time thin film is formed on the surface of the fiber due to the graft polymerization of 
organosilicon, thus the antibacterial agent will not easily drop off from the fiber in order to remain 
. the permanent germ resistant effect. 

In the EPF test of this antibacterial agent, the acute toxicity LD 5 o is 12.27 g/kg, the pungency 
to skin is not found in rabbit test, and the toxicity to fish TL 50 is 56 mg/U Other tests, such as tests 
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of sub-acute toxicity, variability, abnormality, mucous membrane irritability and socks-wearability 
and the like, are all secure. 

The., antibacterial mechanism of this product is that a hydrophobic interaction which is 
formed by the captions of quaternary ammonium salt molecule absorbing on the site of anion of 
surface of microorganism cell by static electricity destroys the surface structure of the cell, 
therefore the leaking of the intracellular substance stops the respiratory function, thereby to make 
the cell die. 

4 Antibacterial Agents of Quaternary Ammonium Salt Series 

The representative products which are processed by antibacterial agent of quaternary 
ammonium salt series, such as polyoxyvinyltrimethyl ammonium chloride, comprise SANITER 
(available from Clara Co., Ltd.) and PEACH FRESH ( * - * * w » * .) (available from Nisshinbo 
Co., Ltd.). Those products are processed by posttreatment of fixing aliphatic quaternary 
ammonium salt, such as polyoxyalkyltrialkyl ammonium chloride, onto surface of the fiber 
(primarily pure terylene fiber) with reactive resin, thus the germ resistance is conferred to the 
. fiber. 

The acute toxicity LD50 of this kind of antibacterial agent is 6 51 gf kg, the pungency to skin 
is not found in rabbit test, the variability test is negative using the method of Ames with 
.Escherichia coli y the toxicity to fish TL S0 is 41 mg/L, and the skin adhesivity test is quasi-negative. 
The security thereof is very high. 

The antibacterial mechanism of those products is that the changes of the cell tissues of 
microorganism (enzyme protein and nucleic acid are denaturalized) caused by the surface 
adsorption of antibacterial agent result in the damage of the cytoplasmic membrane. 

5 Antibacterial Agents of Guanidine Series 

The representative products which are processed by the antibacterial agents of guanidine 
series, such as l 9 r-hexamethanobi[5-(4-chlorobenzene)biguanide]digluconate (also referred as 
gluconic chlorohexidine), comprise "iffi$J&y£"(available from Leneum Co., Ltd. 

Japan): This product is conferred germ resistance by adding such antibacterial agent into spinning 
oleo stock of nylon or the like. Since the antibacterial agent has very strong adsorbability for fiber, 
the washablility of it is excellent. The product has excellent germicidal activity for bacterium, but 
has little effect on fiingus. 

;The acute toxicity LD 50 of this antibacterial agent is within the range of 1 to 2 g/kg, the 
toxicity is low, and security is high. The antibacterial agent is thermostable, but its photostabiiity 
is. relatively poor. 

The antibacterial mechanism of this product is the same as that of the quaternary ammonium 
salt, the antibacterial agent hinders the function of the cell lysozyme, to denaturalize and destroy 
the . stirface structure of cell. 

6 Antibiacterial Agents of Copper Compound Series 

Xhe. representative products which are processed by antibacterial agents of copper compound 
series, such as polyacrylonitrile copper sulfide complex, comprise £i&!fe-SSN (+ > ?- a y 
-SSN) (available from Sanmo Co., Ltd. Japan) and Asahi BCY(available from Asahikasei Co., Ltd. 
Japan). The germ resistance is conferred to the former product by dipping polyacrylonitrile fiber 
into. 2.3% copper sulphate solution containing ammonia and hydroxylamine sulfate and then 
, heating at 100*C for 120 min, followed by reduction treatment to chelate cyan group with cuprous 
sulfide by coordination bond to form complicated coordinate polymer Cu 9 Ss (Digenite) which is 
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fixed onto the fiber. Not only germ resistance but also electroconductivity can be conferred by this 
treatment method. This product is very stable with good washability and very strong germicidal 
activity for bacterium and fungus, which is a broad-spectrum antibacterial agent. 

The acute toxicity LD 50 of this kind of antibacterial agent is 1.32 g/kg, the variability is 
negative in the Escherichia and Sallmonalla typhimurium tests, and the pungency to skin is 
negative in test The security thereof is very high. 

The germ resistance is conferred to the laner product by controlling the decopperization 
during preparation of the copper ammonia fiber, and dispersing the copper compound into the 
fiber,, then sulphidizing with potassium sulfide and the like, to make the fiber contain about 15% 
to 20% copper sulphide (both CuS and Cu 2 S). Besides germ resistance, deodorization, electric 
conduction, flame retardance and the like are also conferred by this treatment method. 

The antibacterial mechanism of such two products is that because copper ion destroys the cell 
membrane of the microorganism and enters into cell through cell membrane, then combine with 
-SH group of enzyme and reduce the enzyme activity, the metabolism function of the cell is 
interdicted and its generation is inhibited, thereby the microorganism is killed. 

7 Antibacterial Agents of Natural Product Series 

Recently, the antibacterial and deodorant products which are processed by antibacterial 
agents of natural product series are increasing. The products processed by such antibacterial 
agents comprise (* * 'J 0 (available from Fuji Spinning Co., Ltd.) processed by 

chitosan ((3-1,4-poIyaminoglucose), ^*S« W (available from Igawara Co., Ltd.) processed by 
aminoglucoside, "UNIKA MCAS-25" (available from Joint Chemical Industrial Co., Ltd. ($^4fc 
^X4k&^))and "&UfcOH#&'X J y * )V OH ^ ? >) (available from Mikiriken Co., Ltd.) 
processed by hinoki thiol (4-isopropyl~2-hydroxy- cyclohepta-2 ,4,6-triene- 1 -ketone). 

The. preparation method of "IdfE&tSg" is that the fine powder of deacctylating 
polysaccharide which has the degree of fineness of below 5 fim is added into spinning oleo stock 
of polynosic ( a kind of high wet modulus viscose fiber) in the ratio of 0.3% to 3.0% (w/w) of 
cellulose, and homodispersed into the tissue of the regenerated fiber after the fiber is formed and 
stretched, thereby the germ resistance is conferred to the fiber. 

The acute toxicity LD 50 of this antibacterial agent is 1.5g/kg, the variability thereof is 
negative using the method of Ames with Escherichia coli> and the open skin-sticking test is 
quasi-negative by M*h with Sump method. The single pungency to skin is negative in Draize 
test, and the sub-acute toxicity is also negative in rat test. Therefore the security of the product is 
very' high. 

The antibacterial mechanism of this product is that the amino group of quaternized chitosan 
molecular absorbs bacterium, and combines with the anion on the surface of the cell wall of the 
bacterium, thereby to hinder the function of the biochemical synthesis and inhibit its proliferation. 
It is also considered that the ability of transporting the substance inside and outside of cell wall of 
bacterium is inhibited and the glycoside linkage of chitosan is cleaved. 

The preparation method of "Sfflr&lft" is that the hydroxy of kanamycin is deoxided with 
phthaialdehyde into aminoside, which is then absorbed and fixed onto surface of fiber, thereby the 
: germ; resistance is conferred to the fiber. 

Thelacute toxicity LD 50 of this kind of antibacterial agent is above 5 g/kg, and the pungency 
* to skin is not found in rabbit test. The toxicity to fish TL 50 is 1 g/L, the variability is negative 
using the method of Ames. The security thereof is very high. This antibacterial agent is 
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broad^spectrum antibacterial agent for both gram-positive cocci and gram-negative bacillus. 
p|pf»£ : v The antibacterial mechanism of this product is that this antibacterial agent effects on 30$ of 

S^flf?: • ". ribospmal subunit of bacterium, and hinders interaction between codons of messenger RNA 
(ftf© ; '• (mRiJA) and codons of transfer RNA (tRNA), and synthesizes abnormal proteins, thereby the 

^iy^li: ': ' ■ bacterium- is killed. 

: ; ■ • '.' The' preparation method of "UNIKA MCAS-25" (available from Joint Chemical Industrial 
j|||§§f^':- Co;, Ltd) and " OH W (available from Mikiriken Co., Ltd.) is that the hinoki thiol of 
. natural hinoki oil is microencapsulated, and 3% emulsion resin thereof is prepared, then the 
titbit " '"' " resulting material is treated for 30 min by absorbing method (the adsorptive capacity is 70%), then 
■BfeS* dried at the temperature of less than 1 OCC, thereby the germ resistance is conferred to the fiber. 
jjt|!f f > These products have broad-spectrum effect, in particular, they have very strong germicidal activity 
for the fungus. 

The acute toxicity LD J0 of this kind of antibacterial agent is 1 1 1 9 g/kg. The pungency to skin 
is quasi-negative. These products have very strong broad-spectrum germicidal activity. The 
'. antibacterial mechanism of these products is that the bacterium is killed due to chelation of the 
oxygen between glycosides of bacterium cell and denaturalization of the protein in the antibody. 
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